immunoelectron cytochemistry has been developed (Both et al. 1978 ; Roth 1982) . Unfortunately, the usual resins must be polymerized at temperature of 50-6o°C, and this may result in the reduction in the antigenic activity of some proteins. This problem may be overcome if tissues are processed and embedded in resins at low temperature. Lowicryl K4M which has found to be a suitable embedding medium at low temperature, is now generally accepted to be the resin of choice of post-embedding immunoelectron microscopy (Carlemal et al. 1980 ; McPhail et al. 1987 : Okanoue et al. 1988a, b) .
Three filamentous system, actin-containing microfilaments, microtubules, and intermediate filaments (IFs), represent the major cytoskeletal components of most eukaryotic cells including hepatobiliary system (Imanari et al. 1981 ; Katsuma et al. 1987 Katsuma et al. , 1988 Holm et al. 1988 ). The cytokeratins are the largest group within the IF group and are characteristic of epithelial cells. An interacting cytoskeletal network is believed to be necessary for the regulation of cellular function and the maintenance of cell shape and mobility (Imanari et al. 1981 ; Katsuma et al. 1987 Katsuma et al. , 1988 Holm et al. 1988 ). Several pathologic conditions, including necrodegenerative processes and neoplastic transformation, are known to interfere with the structure and interaction of the cytoskeletal system (Denk and Lackinger 1986; Ray 1987) .
In this study, the distribution of actin and cytokeratin was immunoelectron microscopically examined in the hepatocytes and adjoining biliary epithelial cells in normal human livers using a low temperature resin and post-embedding immunoelectron microscopy. Such an approach has been rarely done in the hepatobiliary system to our knowledge (Lemanski et al. 1985; Okanoue et al. 1988b ).
MATERIALS AND METHODS
Surgical specimens of human livers (n = 2) were received fresh, and were dissected into two parts. One part was fixed in 10% buffered formalin and embedded in paraffin for light microscopic examination. The other was further dissected into cubes with sizes of approximately 0.5 mm and fixed by immersion in a solution containing 1% glutaraldehyde in 0.1 M phosphate buffered solution (PBS) (pH 7.4) for 2 hr at room temperature. After an overnight buffer wash at 4°C, the tissue was dehydrated through graded ethanol and embedded in Lowicryl K4M according to the method reported by Carlemal et al. (1980) , Roth et al. (1978 Roth et al. ( , 1982 and Lemanski et al. (1985) . That is, the fixed tissues in glutaraldehyde were rinsed with 0.1 M PBS, and they were dehydrated in 30% ethanol for 30 min (0°C), 50% ethanol for 60 min (-20°C), 70% ethanol for 60 min (-35°C), 90% ethanol for 60 min (-35°C), and 100% ethanol for 60 min (-35°C). The dehydrated tissues were passed through by 100% Lowicryl K4M diluted 1:1 with 100% ethanol for 1 hr, 100% K4M diluted 3: 1 with 100% ethanol for 1 hr, 100% K4M for 1 hr and then in the second changes of 100% K4M overnight at -35°C. The tissues were polymerized for 24-48 hr in an ultraviolet radiation chamber at -35°C. Semithin sections (1.0 m) were stained with toluidine blue for selection of an appropriate area. For immunoelectron microscopy, ultra-thin sections (80-100 nm) were mounted on carbon-coated nickel grids and were immersed in 0.01 M PBS containing 1% bovine serum albumin for 20 min. The sections were preincubated in a drop of mouse monoclonal antibodies to actin or cytokeratin for 1 hr, rinsed in PBS, incubated in a drop of secondary antibodies for 30 min and then reacted with 15 nm protein A-gold particles for 30 min at room temperature. The sections were then rinsed in distilled water, fixed by 1% osmiun tetraoxide for 30 min, and stained with uranyl acetate and lead citrate and were examined with a Hitachi H-300 electron microscope.
Double immunostaining method using protein A-gold of different particle sizes was used to demonstrate the distribution of actin and cytokeratin on the same tissue section. Grid-mounted sections were subjected to the sequential double protein A-gold staining method, described by Gueze and associates (1981) and Roth (1978 Roth ( , 1982 . The sections were incubated in 1% bovine serum albumin for 20 min. The sections were then incubated in the primary antibody to actin and incubated by secondary antibodies and then a protein A-gold labeled with a smaller gold particle (5 nm). Later, the reaction sites of the second primary monoclonal antibody to cytokeratin were identified by secondary antibodies and then protein A-gold labeled with a larger gold particle (15 nm). The sections were then rinsed in distilled water, fixed by 1% osmium tetraoxide for 30 min, and stained with uranyl acetate and lead citrate, and then examined with a Hitachi H-300 electron microscope.
A list of primary and secondary antibodies used in this study and their optimal dilution are shown in Table 1 . Protein A-gold of different particle sizes (5 nm and 15 nm) were purchased from E.Y. Lab. Inc., (San Mateo, CA, USA). Monoclonal antibodies (KL-1 and CAM) against cytokeratin are known to stain hepatocytes as well as biliary epithelial cells in man (Van Eyken et al. 1987) .
No positive stain was obtained when either of primary monoclonal antibodies, secondary antibodies or protein A-gold had been omitted or replaced by PBS in the staining procedures, respectively.
RESULT
Liver tissues were generally well preserved and identification of cellular organelles were possible at the ultrastructural level, though the pictures were not so cripsy compared to those of the liver tissues which were fixed in 2% glutaraldehyde, postfixed in 1% osmium tetraoxide, and then embedded in epoxy resin (Ray 1987) . Immunolabeling using monoclonal and polyclonal antibodies produced a consistent specific labeling with negligible background, and individual gold particles were clearly identified in the sections stained with uranyl acetate and lead citrate, when optimal dilution of these staining reagents was applied. The best results with these antibodies were obtained on the section surfaces of Lowicryl K4M embedded liver tissue. Reactivity with these antibodies became reduced in the sections obtained from the inner portions of the blocks. In immunolabeling of actin, the gold particles were localized on the bile canalicular and sinusoidal microvilli, around bile canaliculi and the lateral cell borders of the hepatocyyes (Figs. 1 and 2 ). Gold particles were virtually absent in nucleus, mitochondria, rough and smooth endoplasmic reticulum, and in bile canalicular lumina. In the biliary epithelial cells the particles were localized on the lumina,l microvilli, and around the junctional complexes, especially around the tight junction, and also at the cell borders (Figs. 3 and 4) . However, some of microvilli of the hepatocytes and biliary epithelial cells were devoid of gold particles, and gold particles were rather discontinuously distributed along the cell borders of some of the hepatocytes and biliary epithelial cells. Gold particles were also found in the cytoplasm of endothelial cells and other mesenchymal cells in the portal tracts and sinusoidal lining cells (Figs. 1 and 3) .
In immunostaining of cytokeratin using monoclonal antibodies, the gold particles were scattered in the cytoplasm of the hepatocytes and biliary epithelial cells (Figs. 5, 6 and 7), especially in the perinuclear cytoplasm and around the junctional complexes, especially desmosomes. The gold particles were found in almost all biliary cells while they were inconstant in hepatocytes ; That is, gold particles were found in some hepatocytes but rare or absent in others in the same section. At higher magnification, the gold particles were mainly attached on some bundles of IFs (Fig. 7) , though a considerable number of IFs were not decorated by the gold particles. The gold particles were rarely found within the nucleus, mitochondria, rough and smooth endoplasmic reticulum, and bile canalicular or biliary lumina. The endothelial cells and other mesenchymal cells were virtually negative for these gold particles. There was no distinct difference between the staining pattern of cytokeratin in the hepatocytes or biliary epithelial cells by CAM 5.2 and that by KL-l. Double staining procedure disclosed simultaneously larger gold particles corressponding to cytokeratin and smaller ones to actin in the same hepatocytes as well as biliary cells (Fig. 8) . Distribution of small particles was identical to that of actin and distribution of larger ones to that of cytokeratin, respectively, mentioned above.
DISCUSSION
The present study showed that preservation of liver tissues which were lightly fixed in glutaraldehyde and embedded in Lowicry K4M at low temperature was satisfactory at the electron microscope level, consistent with the previous reports (Carlemal et al. 1980; Lemanski et al. 1985; McPhail et al. 1987; Okanoue et al. 1988a ). Furthermore, the immunocytochemical labeling using protein A-gold as the electron dense markers, also showed that actin and cytokeratin were positively stained in the hepatocytes and biliary epithelial cells and background staining was negligible in Lowicry K4M embedded liver tissue (Lemanski et al. 1985) when the optimum dilution of primary or secondary antibodies and protein A-gold was applied. Double staining also showed heterogeneous distribution of actin and cytokeratin in the same hepatocytes and biliary epithelial cells, respectively. The previous studies using the heavy meromyosin and ultrastructures at higher resolution (Oda et al. 1974; Imanari et al. 1981 ) disclosed that actinmicrofilaments were localized at the canalicular and sinusoidal microvilli, around the bile canaliculi and at the lateral cell border of the hepatocytes. Biliary epithelial cells showed preferential distribution of actin-microfilaments on the luminal microvilli, around the desmosomes and also on the cell border (Okanoue et al. 1988h ). The present study showed the similar distribution pattern of gold Katsuma et al. (1987 Katsuma et al. ( , 1988 recently reported that antigenecity of IFs were also different in the different parts of hepatocytes. The data obtained in this study that reaction products of cytokeratin were rather constantly found in a majority of biliary epithelial cells while they were inconstant in hepatocytes, support the heterogeneous antigenecity of cytokeratin in hepatocytes and also the difference of antigenecity of cytokeratin between hepatocytes and biliary epithelial cells, above mentioned.
In conclusion, the method used in this study seems useful for the detection of actin microfilaments as well as cytokeratin IFs in the hepatocytes or biliary epithelial cells. However, some of microvilli were negative for actin and a considerable number of IFs were negative for cytokeratin in the hepatocytes as well as biliary epithelial cells, suggesting that the tissue processing in this study might have masked or destroyed part of the immunoreactivity of actin and cytokeratin. Because a majority of IFs were negative in the biliary epithelial cells and hepatocytes, a majority of epitopes of cytokeratin were masked in IFs in these cells and some devices are necessary to remove this masking in the immunolabeling of cytokeratin.
Further studies seem mandatory to resolve this problem.
